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Introduction
Dynamic ubiquitin homeostasis is associated with many human diseases including neurodegenerative and infectious disease [1] . Ubiquitination (also known as "ubiquitylation") is a reversible post-translational modification (PTM) that is involved in protein degradation and regulation of protein localization and function. Ubiquitin is a highly conserved 76-amino acid protein, which itself is modified by ubiquitination, phosphorylation, and acetylation on lysine (K) residues [2, 3] . A detailed summary on ubiquitin regulation can be found in many excellent reviews and will not be explained in detail here [1] [2] [3] [4] [5] . Briefly: seven lysine residues (K6, K11, K27, K29, K33, K48 and K63) on ubiquitin can be used for ubiquitination of a large number of proteins, which leads to different outcomes depending on the kind of ubiquitin chain that is attached (K48-linked, K63-linked, mono-ubiquitination, etc.). These PTMs make the ubiquitin functions highly diverse, a fact that has been dubbed the "ubiquitin code" [4] .
Ubiquitination on lysines is carried out by specific E3 ligases and ubiquitin chains are removed by deubiquitinases. There are several methods for the identification of ubiquitin molecules using mass spectrometric analyses [6] [7] [8] . By using specific antibodies against different ubiquitin linkages and liquid chromatography tandem-mass spectrometry (LC-MS/MS), the ubiquitin code can be dissected.
Histone deacetylase 6 (HDAC6) is a unique protein that mainly deacetylates K40 on alpha-tubulin in the cytoplasm, as well as heat shock protein 90 (Hsp90) and cortactin [9] [10] [11] [12] [13] . It is known that HDAC6 prefers tubulin dimers over microtubules as an efficient substrate [14] [15] . Structurally, HDAC6 has tandem catalytic domains (CDs) and a zinc finger ubiquitin-binding domain (ZnF-UBP) which binds to unanchored ubiquitin molecules with extremely high affinity (Kd=60 nM) [16] (Fig.1 ). The affinity is so high that HDAC6 ZnF-UBP is thought to be the strongest binder of ubiquitin among all the known zinc finger domains. The linker region between the two CDs can bind the motor protein dynein ( Fig.1 ) [17] . This dynein-binding region is inactive under normal cellular conditions but is activated under conditions where HDAC6 becomes engaged in response to stressa mechanism that is not totally understood and involves the binding of unanchored ubiquitin to the ZnF-UBP [17] .
During the replicative phase in producer cells, IAV packages C-terminal-free unanchored ubiquitin molecules [18] . Mass spectrometry studies by Hutchinson and colleagues indicate that there are ca. 40-50 molecules of ubiquitin encapsidated within a single IAV virion; this number, surprisingly, is similar to the number of neuraminidase molecules [19] . At the late endosomal stage of cell entry, low pH triggers the membrane fusion of influenza virus with the limiting membrane of LEs to form a fusion pore. This likely presents the unanchored ubiquitin chains to the cytosolic surface of the LEs.
HDAC6 is then recruited via its ZnF-UBP to the viral fusion site, followed by its interaction with the cytoplasmic motors dynein and myosin II, and most importantly, its interaction with the viral capsid matrix protein (M1) [18] . These interactions lead to a pulling-force that is generated onto the viral capsid in a "tug-of-war" manner that breaks the capsid shell, enabling the release of the viral ribonucleoproteins (vRNPs) into the cytosol [18] . Currently, the main unknown aspects of this model are (i) how the unanchored ubiquitin chains are incorporated into the virion, (ii) the precise linkage of ubiquitin chains that triggers this response and (iii) whether additional proteins are involved.
Ubiquitin chains consist of several types of polyubiquitin linkages. K48-based linkage is mainly used for the proteasome-mediated protein degradation pathway, while K63based linkage is involved in endocytosis, trafficking, and enzymatic activities [2] . Our recent findings showed that both polyubiquitinated proteins and unanchored ubiquitin are packaged within the IAV virion [18] . Here we will describe a protocol for the purification of unanchored ubiquitin from purified IAV virions. A workflow schematic is represented in Fig.2. 15. Poly-ubiquitin K48-linked chains (Boston Biochem). 16 . Poly-ubiquitin K63-linked chains (Boston Biochem). 17 . InstantBlue protein stain (Expedeon). 3. Pre-culture the single colony in 5 mL of LB medium (Amp+) at 37 °C overnight. 4 . Add pre-culture in 1 L of LB medium (Amp+) to induce protein expression with 0.5 mM IPTG, and shake with a rotary shaker at 180 rpm at 20 °C for 20 h.
Methods

Expression in E.coli and purification of His
Spin down the E. coli BL21 (DE3) cells expressing His-tagged ZnF-UBP
protein at 6,500 x g for 30 min to pellet the cells. 6 . Resuspend the cell pellet in 5 mL/g (protein) of Lysis buffer in a 50 mL tube (see Note 6). 7 . Snap freeze in liquid nitrogen, and transfer to -80 °C (see Note 7). 8 . Thaw the frozen cell suspension at room temperature and place on ice. 9. All the procedures from here must be performed at on ice or in a cold room.
Add 3U/mL of Benzonase nuclease into the cell suspension. 22. If not used immediately, aliquot the protein, snap freeze in liquid nitrogen, and store at -80 °C. of HDAC6, C-terminal free ubiquitin was detected with specific antibodies (see [18] ). Upper panel shows that His-tagged proteins were detected by anti-His antibodies. Viral ubiquitin chains were pulled-down depending on ZnF-UBP domain.
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